Summary of the Estimated Number of Irradiated Fuel Elements and Their

Introduction
The United States Department of Energy is currently preparing (Ref. 1) a n Environmental Impact Statement for potential acceptance from foreign research reactors of irradiated nuclear fuel containing highly enriched uranium (HEU, equal to or greater than 20 weight percent U-235) and low enriched uranium (LEU, less than 20 weight percent U-235) of United States origin. This Environmental Impact Statement is scheduled (Ref. 2) to be completed by the end of June 1995. If shipments of irradiated fuel to the United States are eventually authorized, a reasonable starting date to begin the acceptance policy is approximately January 1996.' The purpose of this report is to provide estimates of the inventories of foreign research reactor irradiated fuel containing HEU and LEU of United States origin that are anticipated in January 1996, January 2001, and January 2006. Irradiated fuel includes spent fuel elements and fuel elements that are currently in reactor cores.
Fuel Types
Under the Offsite-Fuels Policy that was in effect during 1988 (Ref. 3), the United States Department of Energy accepted aluminum-based and TRIGA research reactor fuels' for disposition. This policy and the current proposed policy pertain to irradiated fuels and blanket materials from nuclear research reactors other than those involved in the conduct of research and development activities leading to demonstration of the practical value of such reactors for industrial o r commercial purposes. Specifically, the Offsite-Fuels Policy in 1988 (Ref. 3) and the current proposed policy apply solely t o the following types of reactor fuels: a. Aluminum-clad reactor fuels where the uranium-235 content is equal to o r greater than 20 percent, by weight, of the total uranium content. The active fuel region of these fuels may be configured as uranium-aluminum alloy, uranium oxide2 or uranium-aluminide. Fuels containing significant quantities of uranium-2.33 are excluded from receipt.
Aluminum-based fuel is aluminum-clad and has an active fuel region that consists of an alloy of uranium and aluminum or a dispersion of a uranium-bearing compound (e.g., UAlx, U3O8, U3Si2, U3Si) in aluminum. TRIGA fuel consists of an alloy of uranium and zirconium and is clad in either aluminum or stainless steel.
b. Aluminum-clad reactor fuels where the uranium-235 content is less than 20 percent by weight of the total uranium, content. The active fuel regions of these fuels may be configured as uranium-silicide, uranium-aluminide o r uranium oxidez. Fuels containing significant quantities of uranium-233 are excluded from receipt.
c. Aluminum or stainless steel clad, uranium-zirconium hydride (other than uranium-233) TRIGA fuel types. Figure 1 shows cross sections of the main fuel assembly geometries:
(1) aluminum-based MTR box-type assemblies containing 10-24 fuel plates per assembly (used in many countries), (2) In addition to the aluminum-based and TRIGA fuel types discussed above, enriched uranium of United States origin is also used in the fuel elements of several fast reactors and other special purpose reactors, in the UO2 rodded fuel assemblies of several thermal research reactors, and in thermal homogeneous liquid and solid fueled reactors. The enrichment of the uranium ranges from 2% to 93%. These fuels do not qualify for acceptance by the United States under the current proposed policy because they were not included in the fuel types that were eligible for return to the United States under the Offsite Fuels Policy that was i n effect in 1988. Beginning with irradiated fuel inventory data (having different dates of information) that was available on December 1, 1994, several assumptions were made, first to normalize the data to a common starting date of January 1996, and then to estimate the number of irradiated fuel elements in reactor cores and the number of spent fuel elements that are expected to be generated during the ten years between January 1996 and January 2006, These assumptions are:
1.
2.
3.
4.
5.
6.
Most reactors will continue operation during the 10 year life of the proposed policy. If a permanent shutdown date has been specified by the reactor owner, irradiated fuel was accumulated to that date only.
The number of irradiated fuel elements in each reactor core was determined from available reports and publications or estimated. Reactor owners who decide to shutdown their reactors during the 10 year life of the proposed policy will want to include irradiated fuel in the core for shipment along with the spent fuel in their reactor pool(s).
Known current and planned shutdowns for prolonged periods of maintenance and refurbishment have been incorporated into the estimates.
Dates for conversion from HEU to LEU fuel have been estimated, and the enrichment change was incorporated into the inventory data.
Estimated irradiated fuel inventories have been included for reactors that are under construction and plan to begin operation before the Record of Decision date (assumed here to be December 31, 1995) of the proposed policy using enriched uranium of United States origin.
Fuel from previously shutdown reactors with fuel in temporary storage h a s been included.
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Developing Countries
The Implementation Plan for the Environmental Impact Statement on a Proposed 
Reactors .and Irradiated Fuel Inventories
The 104 research and test reactors located in 41 foreign countries that possess aluminum-based and TRIGA fuels containing enriched uranium of United States origin are shown in Attachment A. Table A1 lists 76 reactors that possess aluminum-based fuel only. These reactors are arranged in a number of categories that depend on each reactor's LEU conversion status. Table A2 lists 25
reactors that possess TRIGA fuel only. Table A3 lists three reactors that were converted from HEU aluminum-based fuel to LEU "RIGA fuel and thus possess both aluminum-based and TRIGA fuels.
Estimated irradiated fuel inventories of HEU and LEU aluminum-based and TRIGA fuel from these 104 foreign research reactors in January 1996, January 2001, and January 2006 are shown, by country, in Attachment B, Tables B1-B6 , based on information available as of December 1, 1994. Table 2 summarizes the main results for all countries of the number of fuel elements, their initial uranium content before irradiation, and the total shipping weight of the elements. For the spent fuel (not including the fuel in reactor cores), the estimated final uranium content, final U-235 content, and final enrichment are also given. Table  3 provides this same data for developinghountries only. The vast majority of both HEU and LEU aluminum-based fuels are expected to be generated in the developed countries. Nearly all HEU TRIGA fuel is expected to be generated in developing countries along with a majority of the LEU TRIGA fuel.
Previous and Current Inventory Estimates
The Notice of Intent to Prepare an Environmental Impact Statement (Ref. 8) stated that up to 15,000 h e 1 elements from about 28 foreign countries would be eligible for acceptance during a maximum 15 year period under the proposed action. This estimate was based on spent fuel inventory data available as of early 1993 and projected production for the following ten years.
This report estimates that 104 research reactors in 41 countries will have a n inventory of approximately 22,700 irradiated aluminum-based and TRIGA fuel elements initially containing about 19,200 kilograms of enriched uranium of United States origin as of January 2006. The reasons for the increase in the estimated inventory are: (1) several other foreign research reactor operators notified DOE that they are interested in participating in the proposed spent fuel acceptance program after the Notice of Intent had been published; (2) the starting date used as a basis for the inventory projections was changed from early 1993 to January 1996 to conform with a realistic possible Record of Decision date for the proposed policy. As a result, three additional years of spent fuel accumulation has been included; (3) irradiated fuel in the reactor cores, has been incorporated into the inventory in order to include the fuel elements from reactors that could be shut down during the life of the proposed policy; and (4) other information on research reactors and their projected operation that became available during 1994 has been incorporated. --_-" .
-9 - (6) The KMRR reactor in South Korea is anticipated to begin operation using LEU aluminum-based fuel in January 1995.
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